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Vascular risk factors, HIV serostatus,

and cognitive dysfunction in gay and

bisexual men
0

ABSTRACT

Background: The purpose of this study was to evaluate the relationship between cognitive perfor-
mance, risk factors for cardiovascular and cerebrovascular disease (CVD), and HIV infection in the
era of highly active antiretroviral therapy.

Methods: We evaluated the cognitive functions of men enrolled in the cardiovascular disease
substudy of the Multicenter AIDS Cohort Study who were aged =40 years, with no self-reported
history of heart disease or cerebrovascular disease. Results from comprehensive neuropsycho-
logical evaluations were used to construct composite scores of psychomotor speed and memory
performance. Subclinical CVD was assessed by measuring coronary artery calcium and carotid
artery intima-media thickness (IMT), as well as laboratory measures, including total cholesterol,
fasting glucose, glycosylated hemoglobin, glomerular filtration rate (estimated), and standardized
blood pressure and heart rate measures.

Results: After accounting for education, depression, and race, carotid IMT and glomerular filtra-
tion rate were significantly associated with psychomotor speed, whereas IMT was associated
with memory test performance. HIV serostatus was not significantly associated with poorer cog-
nitive test performance. However, among the HIV-infected individuals, the presence of detect-
able HIV RNA in plasma was linked to lower memory performance.

Conclusions: These findings suggest that HIV infection may not be the most important predictor
of cognitive performance among older gay and bisexual men in the post-highly active antiretrovi-
ral therapy era, at least among those with access to medical care and to appropriate medications.
Medical factors associated with normal aging are significantly associated with performance on
neuropsychological tests, and good clinical management of these factors both in HIV-infected
individuals and those at risk for infection may have beneficial effects in the short term and could
reduce the risk of subsequent cognitive decline. Neurology® 2009;73:1292-1299

GLOSSARY

BP = blood pressure; CalCAP = California Computerized Assessment Package; CES-D = Center for Epidemiologic Studies-
Depression scale; CVD = cardiovascular and cerebrovascular disease; GFR = glomerular filtration rate; HAART = highly
active antiretroviral therapy; HDL = high-density lipoprotein; HAND = HIV-associated neurocognitive disorder; Hb = hemo-
globin; IMT = intima-media thickness; LDL = low-density lipoprotein; MACS = Multicenter AIDS Cohort Study; OR = odds
ratio; RAVLT = Rey Auditory Verbal Learning Test.

The proportion of persons living with HIV/AIDS older than 50 years in the United States
increased to 24% of all cases in 2005 from 17% in 2001. While the total number of infected
persons increased 20% in that time period, the increase was 58% among individuals older than
50 years (http://www.cdc.gov/hiv/topics/over50/resources/factsheets/over50.htm). With in-
creased use and success of highly active antiretroviral therapy (HAART), nearly three-quarters
of all infected individuals older than 50 years die of non—HIV-related causes.!

*See appendix.
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Age is a significant risk modifier for HIV-

associated neurocognitive disorder (HAND).>

There may be a differential effect of the
APOE*4 allele in older HIV individuals,” and
diabetes is a critical comorbidity.® HAART use
may be associated with abnormal amyloid depo-
sition in the brain” and amyloid-f and tau levels
in the CSF may be related to HIV-associated
dementia.® The pattern of neuropsychological
deficits in HIV+ individuals is changing with
HAART to include evidence of more cortical
dysfunction.” Thus, factors normally associated
with age-related neuropsychiatric syndromes
may become increasingly important in under-

standing the etiology of neurocognitive dysfunc-
tion occurring in older HIV+ patients.

The Multicenter AIDS Cohort Study
(MACS) is a 4-site study of the natural and
treated history of HIV infection among gay and
bisexual men. Study participants were enrol-
led in 3 waves: 1984/1985 (1,813 HIV+ and
3,141 HIV—), 1987/1990 (382 HIV+ and 286
HIV—), and 2001/2003 (688 HIV+ and 662
HIV—). The MACS has tracked cognitive per-
formance among the study participants for the
past 24 years using screening tools, and a subco-
hort has been followed up with more detailed
testing for approximately 20 years. In 2002, the
MACS completed detailed evaluations of car-

diovascular risk factors in a subgroup of infected

Table 1 Characteristics of study sample and uninfected men; during the same time pe-
v Ve Statistic: riod, the e}r:tire ‘C(:llhort .complqui:?d the %et;lled
n 207 428 neuropsy(? (o) OglC te:stlng.h 1; PrOVlh.e ban
o ortunit to examine the relationsni c-
Age,y 52.0(8.1) 48.4(6.4) 6.08(0.24) pportu dW L ek £ ) P
n rar I I'L IS an nition
College education, % (n) 54.9 (95) 45,0 (184) 4.80(-0.09) tWZC hcaddozasgfu a fs actors a cog uo _’
and the added effect of HIV serostatus on cogni-
White race, % (n) 64.7 (134) 56.5(242) 3.88(0.08) . f & . l{:_l th &
1 rrorman: T ntin r -
Drug use past 5y, yes/no 102/105 152/276 11.0(0.13) tive I_)e Z a Ei: a T‘Ch.aCCO.ul ting to Zlagef
Depression (CESD >16) 309 (64) 40.4(173) 4.41(0.08) a}sls‘oa‘at‘e‘ Yaﬂa es. LIS arltlc ¢ rlep OIS IEsults o
1nicL T - n n 1S. re-
Smoking, pack-years 12.4(18) 14.0(19) —-1.02(0.04) El 1s d ga dc 0ss Sef:ltlgl a 2(1:1 alys ShWC I()l'e
Family history (no. risks) 2.55(2.0) 2.73(2.1) -1.05(0.04) lcte 1’ asek on avsll able CVlldCIlCC, ¢ _at C?‘ 10-
Diabetes, % (n) 10.5(17) 9.9 (34) 0.45 (0.009) VE?CU ar ris V'al:la s dVV(l,)lu ZXCIT }jlgnl gant
Hypertension, % (n) 58.8(109) 50.1 (203) 1.16 (—0.04) eltects on _((:logncllm.on }aln talat W en t Cslﬁ ¢ dCCI-'S
Systolic BP 123.7(12.8) 124.4(12.7) ~0.70(0.03) \fivere constdered 1n the analysis, HIV—re ated et-
Diastolic BP p— Ep— p— ects would be attenuated relative to observa-
Pulse pressure 49.3(9.3) 49.0(8.9) 0.46 (0.02) tons before T.
Heart rat 67.8(10.9 70.8(11.9 —-2.95(-0.13) .
eartrate s = ( ) METHODS Standard protocol approvals, registra-
Body mass index 26.9(5.1) 25.6(4.3) 3.36(0.13) tions, and patient consents. The work described in this
Hemoglobin A;. 56.5(9.9) 53.7(7.2) 4.02(0.16) report was approved by the ethical standards committee on hu-
Estimated GFR 84.7(18.1) 90.5(21.3) ~3.33(0.13) man experimentation at each of the MACS sites, and written
informed consent was obtained from all participants.
Total cholesterol 197.7 (43) 189.6 (47.8) 2.06 (0.08)"
Low-density lipoprotein 119.3(36) 107.5(36.7) 4.33(017) Subjects. The 945 participants in the MACS cardiovascular
. o . and cerebrovascular disease (CVD) substudy were used to ana-
High-density lipoprotein Sl EE) CoBIEE) SESIH0A lyze the relationship between cardiovascular risk and cognitive
Triglycerides 143.3(166.4) 202.2(193.6) —-3.43(-0.15) function. The MACS CVD substudy was initiated in 2004 and
Right carotid IMT 0.771(0.129) 0.739(0.129) 2.85(0.11)" included men aged =40 years, with no self-reported history of
Total Agatston score 84.3(263) 42.9(130) 264(0.11) heart disease (hea.rt attack, heart .surge.r}.i, other heart illness) or
cerebrovascular disease. The baseline visits for the substudy were
HiViRNAlcai10) b 2:svidzs) - completed between July 2004 and January 2006. Of these men,
HIV RNA peak (log 10) NA 4.75(0.83) - 723 had been given a full MACS neuropsychological test battery
CD4* cell count NA 535.5 (278.6) _ within 1 year before or 2.5 years after the baseline CVD study
. visit. Of those, 641 men were also given the Trail Making Test,
CD4* cell count nadir NA 295.3(180.1) — . L. . ) .
Symbol Digit Modalities Test, and the Center for Epidemiologic
AIDS diagnosis, n (%) NA 48(11) —

Studies—Depression scale (CES-D). Six men were subsequently

excluded for not having relevant laboratory data within 21 weeks

*p < 0.05.

*Independent sample t test and point biserial correlation (effect size), except for race and
drug use (y® and Cramer V).

CES-D = Center for Epidemiologic Studies-Depression scale; BP = blood pressure; GFR =
glomerular filtration rate; IMT = intima-media thickness; NA = not applicable.

of their baseline CVD visit. In summary, neuropsychological
and CVD data were available from 635 participants (figure e-1
on the Neurology® Web site at www.neurology.org). Demo-
graphic characteristics of the participants are shown in table 1.

Neurology 73  October 20, 2009 1293
Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.



We compared the subjects who were included in this analysis
to the 310 subjects who were not included (table e-1) on a vari-
ety of variables related to vascular disease. Family history of hy-
percholesterolemia was significantly lower among the subjects
included in the study (x> = 8.91, df = 1, p = 0.012) and the
estimated glomerular filtration rate (GFR) was higher [¢(923) =
4.38, p < 0.001, » = 0.14]; otherwise, there were no significant
differences between the subjects included in the study and those

who were not.

Neuropsychological evaluation. The neuropsychological
battery uses conventional and computerized tests to assess a
range of cognitive functions, including motor skills, cognitive
flexibility and abstraction, verbal and nonverbal memory, and
visuoconstructional skills. These include the Rey Auditory Ver-
bal Learning Test (RAVLT), the Rey-Osterrieth Complex Fig-
ure, the Stroop Color-Interference Task, the Grooved Pegboard
test, the Trail Making Test, the Symbol-Digit Substitution Task,
and the California Computerized Assessment Package (CalCAP)
Simple and Choice Reaction Time program (table e-2).

Cardiovascular disease evaluation. Subclinical CVD was
assessed using electron beam tomography or multidetector CT
to measure coronary artery calcium. Ultrasound examination of
the carotid artery was used to quantify intima-media thickness
(IMT). Standardized blood pressure (BP) and heart rate mea-
sures were also determined, as well as total cholesterol, low-
density (LDL) and high-density (HDL) lipoproteins, and
glycosylated hemoglobin. GFR was estimated using a standard

protocol.’” CVD variables are shown in table 1.

Data reduction. Composite indices of psychomotor speed and
memory were constructed based on performance from individual

tests included in the comprehensive neuropsychological battery.

Table 2

Predictors of poor performance on tests of psychomotor speed

among all study participants

Model 1

Model 2 (added
to above)

Model 3 (added
to above)

Carotid IMT

Unadjusted model
OR(95% CI)

4.85(3.37-6.68)

Adjusted model
OR (95% Cl), p*
4.8(3.13-7.34), <0.001
1.85(1.27-2.69) 2.0(1.28-3.27),0.003
4.35 (2.82-6.71) 0.52(0.34-0.79), 0.002

1.63(1.12-2.36) 1.7 (1.08-2.74),0.023

1.14(0.828-1.58)

Hypertension
Diabetes

GFR

Hemoglobin A,
Glucose

Metabolic syndrome
LDL

Total cholesterol
CAC

BMI

Serostatus

1.78(0.988-3.21)
1.17(0.792-1.72)
2.10(1.31-3.36)
0.791(0.570-1.10)
0.781(0.512-1.19)
0.717(0.403-1.28)
0.725(0.436-1.20)
1.88(0.833-4.26)
1.22(0.787-1.55)
0.997(0.713-1.40)

*Odds ratios and p values are taken from model 3.

OR = odds ratio; Cl = confidence interval; IMT = intima-media thickness; GFR = glomerular
filtration rate; LDL = low-density lipoprotein; CAC = coronary artery calcium; BMI = body

mass index.
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1.6 (1.00-2.66),0.048

0.66 (0.44-0.99), 0.044

0.78(0.51-1.20),0.26

These cognitive functions were of a priori interest. Psychomotor
slowing is considered a diagnostic hallmark of HAND; memory
deficits have become increasingly common with the advent of
HAART.”"" The Trail Making Test (Part A), Symbol-Digit Sub-
stitution Task, Grooved Pegboard (Non-Dominant Hand),
Stroop Color Naming, and CalCAP (median simple reaction
time) were used to generate the composite measure of Psy-
chomotor Speed. Immediate and delayed recall scores from the
RAVLT and the Rey-Osterrieth Complex Figure were used to
construct the composite Memory measure. Composite scores
were derived by transforming the individual test data into z
scores based on the mean and SD of the HIV-seronegative par-
ticipants and then calculating the arithmetic mean of the rele-
vant z scores with the signs adjusted such that a positive score
indicates better performance (table 1). The data were further
reduced by creating dichotomous variables; scores less than 0.0
were coded as 1 (impaired), and scores greater than 0.0 were
coded as 0 (normal). The binary outcomes were then the depen-
dent variables in the subsequent logistic regression analyses.

The CVD variables were reduced to categorical variables
(present/absent, normal/abnormal) based on standard criteria or on
the median value of the uninfected men (in the case of estimated
GFR). These included the presence of hypertension (self-reported
diagnosis and use of antihypertensive medications, or diastolic BP
>85 or systolic BP >130) or diabetes (self-reported diagnosis and
use of diabetic medications, or fasting glucose =126 or hemoglobin
[Hb] A,. =7%), elevated total cholesterol (>240), elevated LDL
(>100), decreased HDL (<<40), elevated HbA, . (>7.0), low GFR
(<73.4), or elevated body mass index (>30). Carotid IMT was
classified into 2 groups (#0.81), as was the total Agatston score for
coronary calcification (£400). Men scoring above 16 on the
CES-D were classified as depressed for this analysis. Education was
classified as less than or greater than a college degree. Race was clas-
sified as white or nonwhite. Any abnormal scores, the presence of
disorder, lower education, nonwhite race, and depression were all
coded as 1 (vs 0).

Data analyses proceeded in 3 steps. Initially, the unadjusted
risk of poorer performance on the 2 composite scores for the
critical independent variables was calculated. A multivariate
model for both Psychomotor Speed and Memory measures was
then implemented. There were 3 models in this binary logistic
regression analysis. In the first, education, race, and depression
were entered into the model (forced entry). In the second model,
CVD variables were entered in a forward stepwise fashion (Wald
criteria'?). In the third model, HIV serostatus was added. This
process was also repeated for the HIV-infected participants, us-
ing CD4™ cell counts (200), the presence of detectable plasma
HIV RNA (>50 copies), and AIDS (ever had an AIDS indicator

condition) in the place of serostatus.

RESULTS Tables 25 present the odds ratios (ORs)
for the unadjusted and adjusted models from the lo-
gistic regression analyses of the Psychomotor Speed
and Memory functions. The ORs and associated sig-
nificance testing are taken from the final model (i.c.,
after all variables had been selected for entry). In 3
cases, the multivariate ORs are from the third and
final model; in the case of Psychomotor Speed
among the HIV+ participants, the multivariate ORs
are from the second model.

With regard to Psychomotor Speed, carotid IMT
and estimated GFR were significantly associated with

Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.



Table 3

among HIV-infected individuals only

Model 1

Model 2 (added
to above)

Model 3 (added
to above)

Variable
Race
Depression
Education

Carotid IMT

Hypertension
Diabetes

GFR

Hemoglobin A, .
Glucose
Metabolic syndrome
LDL

Total cholesterol
CAC

BMI

AIDS

Detectable virus

CD4" cell count

Unadjusted model
OR(95% CI)

5.45(3.59-8.29)
1.99(1.27-3.09)
5.09 (2.93-8.85)
1.95(1.22-3.13)

1.09(0.738-1.62)
1.32(0.645-2.72)
1.07(0.657-1.75)
1.65(0.921-2.96)
0.689 (0.464-1.02)
0.746 (0.445-1.25)
0.318(0.135-0.754)
0.753(0.409-1.39)
1.23(0.390-3.88)
1.06 (0.584-1.91)
0.740(0.397-1.38)

1.53(1.04-2.26)
1.62(0.852-3.07)

Predictors of poor performance on tests of psychomotor speed

Adjusted model
OR (95% Cl), p*

5.2(3.14-8.73), <0.001
2.2(1.27-3.92),0.005
0.56 (0.340-0.939), 0.028
1.8(1.03-3.24),0.040

0.59(0.36-0.97), 0.037

*Odds ratios and p values are taken from model 2 (the final significant model).
OR = odds ratio; Cl = confidence interval; IMT = intima-media thickness; GFR = glomerular
filtration rate; LDL = low-density lipoprotein; CAC = coronary artery calcium; BMI = body

mass index.

However, HIV
serostatus was not associated with the Psychomotor

poorer performance (table 2).

Speed variable after the remaining variables had been
entered into the model. Among the HIV-infected in-
dividuals, there was no association between the pres-
ence of detectable HIV RNA, CD4™" cell counts, or
AIDS and test performance, although abnormal lev-
els of coronary artery calcification increased risk of
impaired (slower) performance (table 3).

For the Memory composite, the extent of coro-
nary calcium was marginally associated with Memory
functions (table 4). Unlike the results for the Psy-
chomotor Speed variable, HIV serostatus was signifi-
cantly associated with Memory performance by
protecting against lower test scores. Among the HIV-
infected individuals only, the presence of detectable
HIV RNA in plasma significantly increased risk of
poorer memory performance (table 5). An examina-
tion of the bivariate associations between GFR and
the Memory scores reveals a difference in the size and
direction of the associations when the entire cohort
was studied (table 4) and when only the HIV-
infected participants were analyzed (table 5). The ap-
parent protective effect of abnormal GFR seen in the
entire cohort, compared with the apparent increase
in risk for impairment with abnormal GFR among

the HIV+ participants, suggests the possibility of an
interaction between GFR and serostatus. Further
analysis indicated that GFR was a risk factor for im-
paired Memory performance among the HIV+ par-
ticipants, but the effect was not significant (OR =
2.09).

DISCUSSION These findings suggest that HIV in-
fection may not be the most important predictor of
cognitive functions among older gay and bisexual
men in the post-HAART era, at least among those
with access to medical care and to appropriate medi-
cations. Medical factors associated with normal ag-
ing, specifically those related to CVD and to
metabolic disorders, are significantly associated with
performance on neuropsychological tests. Good clin-
ical management of these factors both in HIV-
infected individuals and those at risk for infection
may have beneficial effects in the short term and
could reduce the risk of subsequent cognitive decline
(e.g., references 13 and 14).

These findings support other data from the
MACS indicating that in individuals with well-
controlled viral replication and immune competence,
there is little progression of clinical brain disease.’” In
that analysis, the measures were the same ones that
went into our Psychomotor Speed composite vari-
able, but memory functions were not examined.
Were we to track our current variables over time (i.e.,
both Psychomotor Speed and Memory), we would
predict that performance on memory tests would also
show little change in the face of viral suppression and
good immunologic status.

The relationship between psychomotor speed and
CVD measures is consistent with models of cognitive
aging (e.g., reference 16). Individual measures com-
prising this composite score are highly sensitive to
cognitive dysfunction but nonspecific as to underly-
ing cause.'” Therefore, it is surprising that there was
no significant association with HIV serostatus. The
fact that detection of HIV RNA in plasma was a
significant risk for poorer Memory scores is consis-
tent with other findings indicating more prominent
memory impairment in the HAART era (e.g., refer-
ence 9). Perhaps there are other HIV-associated fac-
tors not assessed in this study that are better markers
of cognitive dysfunction than CD4™ cell counts and
HIV RNA levels. For example, the level of proviral
HIV DNA in peripheral blood mononuclear cells
may have a stronger association with HIV-associated
dementia'® and performance on individual neuropsy-
chological tests' than either CD4 " cell counts or
viral load in plasma.

Chronological age is often entered as a covariate
in the analysis of neuropsychological test data. How-
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Predictors of poor performance on delayed verbal and nonverbal

memory among all study participants

Table 4
Variable
Model 1 Race
Depression
Education
Model 2 (added CAC

to above)
Hypertension
Diabetes

GFR

Hemoglobin A;

Glucose
BMI
LDL

Total cholesterol

Carotid IMT

Metabolic syndrome

Model 3 (added
to above)

Serostatus

Unadjusted model Adjusted model

OR(95% CI) OR(95% CI), p*
3.83(2.74-5.34) 3.0(1.98-4.49), <0.001
1.63(1.12-2.36) 1.5(0.95-2.32),0.085

3.64 (2.40-5.51) 0.41(0.274-0.618), <0.001

1.69(0.765-3.75) 2.3(0.921-5.61),0.075

1.35(0.976-1.86)
1.55(0.870-2.78)
0.866 (0.586-1.28)
1.66 (1.05-2.64)
0.764 (0.551-1.06)
1.24(0.802-1.91)
0.665(0.371-1.19)
0.553(0.328-0.934)
1.36(0.937-1.97)
0.795(0.523-1.21)

0.701 (0.502-0.979) 0.59(0.381-0.903),0.015

*Odds ratios and p values are taken from model 3.
OR = odds ratio; Cl = confidence interval; CAC = coronary artery calcium; GFR = glomeru-

lar filtration rate; BMI = body
media thickness.
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mass index; LDL = low-density lipoprotein; IMT = intima-

ever, in many of these studies, and this one in partic-
ular, the use of age as a covariate would be
inappropriate. We agree with others (e.g., reference
20) that there is little effect of age per se on perfor-
mance, but that it is the medical concomitants of
“normal” aging that account for many of the changes
in cognition and in brain structure and function.
Consequently, controlling for chronological age
(which is highly correlated with the presence of
CVD) would severely attenuate (or remove) any ef-
fects related to the medical factors that are the subject
of this study. Similarly, using “age-adjusted” stan-
dard scores from published test normative databases
would have the same effect, because those standard-
ized scores would be adjusted for age-related changes
in performance. Were age to be included in our anal-
yses as a covariate, the result would be that the vari-
ables of interest (i.e., IMT) would actually be testing
an interaction: the effect of IMT on performance
must be greater than that expected for an individual
of that age (which already accounts for increases in
IMT).

One important predictor of CVD is hyperten-
sion, which is a pathway to cognitive loss and (later)
dementia.?! Hypertension has been linked to HIV
serostatus and to treatment.?? Chronic high BP in-
creases the risk of damage to target organs and is
associated with cerebrovascular disease (strokes,
white matter hyperintensities, and cortical atro-

Neurology 73  October 20, 2009

phy),?*24 subclinical renal dysfunction,? left ventric-
ular hypertrophy,? increased IMT (as a marker of
atherosclerosis),? and retinal arteriolar narrowing.?’
BP measures?® and pulse pressure and pulse wave ve-
locity, as markers of arterial stiffness, have been asso-
ciated with decreased cognitive function.?” Markers
of kidney function are associated with the long-term
effects of hypertension on the kidney and on the
brain.®® Thus, markers of renal (e.g., GFR) and car-
diac (e.g., coronary artery calcium) integrity provide
evidence of the deleterious effects of CVD on the
brain.

There are some important points to consider in
interpreting the findings of this investigation. First,
these are older subjects (i.e., aged >40 years), who
tended to be from the original MACS cohort and
may have introduced a significant survivorship bias.
That is, these are the individuals who (in the case of
those with HIV infection) successfully survived for
15 to 25 years with the virus. It is likely that these
individuals have a different biologic substrate than
those individuals who succumbed to the infection.
Second, among the older participants, both infected
and uninfected, age-related conditions may have
started to take their selective toll on the cohort. Data
from the Veterans Administration Cohort Study
show that the majority of deaths among HIV-
infected veterans are not from HIV-related causes.!
Thus, stroke, heart disease, (non—AIDS-related) can-
cer, and other causes of death are selectively reducing
the number of living participants who are able to
provide both CVD and neuropsychological data to
our study. In addition, there seems to be an increase
in stroke in HIV-infected individuals,?! which would
also result in a sample bias for this study (in terms of
both physical survival and study inclusion criteria).
Third, there is survivor bias among the seronegative
participants. Although their risk of mortality may be
lower than that of their HIV+ counterparts, they
nevertheless remained active participants in the co-
hort and maintained a willingness to undergo addi-
tional research testing even though not infected with
HIV. Fourth, the rates of many of the CVD risk
factors were actually lower among the HIV-infected
participants, in keeping with what has been reported
previously by the MACS.?2 We interpret this obser-
vation as another example of bias in the sample; be-
cause the majority of our HIV-infected men were
receiving medical care and because they all receive
regular medical testing from the MACS clinics,
the treating physicians may be more aggressive in the
care of cardiovascular risk factors. This is reflected in
a weak association between HIV infection status and
a higher rate of using lipid-lowering agents (x> =
2.09, p = 0.09 [1-tailed], OR = 1.33 [0.903-1.96]).
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Table 5

Predictors of poor performance on delayed verbal and nonverbal

memory among HIV-infected participants only

Model 1

Model 2 (added
to above)

Model 3 (added

Variable
Race
Depression
Education

GFR

Carotid IMT
Hypertension
Diabetes

GFR

Hemoglobin A4,
Glucose
Metabolic syndrome
LDL

Total cholesterol
CAC

BMI

CD4" cell count

Unadjusted model
OR(95% Cl)

4.79(3.17-7.25)
1.68(1.08-2.61)
5.38(3.01-9.46)
1.71(0.956-3.07)

1.24(0.774-1.98)
1.39(0.934-2.06)
1.63(0.800-3.31)
1.08(0.662-1.77)
1.71(0.956-3.07)
0.687 (0.462-1.02)
0.718(0.426-1.21)
0.295(0.119-0.733)
0.460 (0.236-0.895)
0.973(0.304-3.12)
0.871(0.479-1.58)
1.44(0.763-2.74)

Adjusted model
OR (95% Cl), p*

3.1(1.92-5.17), <0.001
1.5(0.884-2.66), 0.128
0.35(0.211-0.582), <0.001

to above)

Detectable virus 2.62(1.76-3.89) 2.1(1.30-3.45),0.003

AIDS 0.804 (0.433-1.49)

*Odds ratios and p values are taken from model 3.

OR = odds ratio; Cl = confidence interval; GFR = glomerular filtration rate; IMT = intima-
media thickness; LDL = low-density lipoprotein; CAC = coronary artery calcium; BMI =
body mass index.

After adjusting for education level, there is a sig-
nificant effect of race on test performance. This is
likely due to potential differences in available educa-
tional opportunities. One method for adjusting for
this difference in educational achievement is to use a
measure of reading skill, or other similar marker.?
Although the MACS administers the Shipley-
Hartford Institute of Living Scale (and this test yields
an IQ equivalent score), there were too many missing
data to warrant inclusion in the analysis. However,
an analysis of the subset of participants who did have
Shipley Institute of Living Scale data (n = 451) re-
vealed that this was significantly linked to memory
(B = 0.467) and Psychomotor Speed (8 = 0.372)
performance (controlling for race and depression). In
the case of the Memory score, the 1Q score fully me-
diated the effect of race (B8 = —0.089 vs —0.253),
whereas in the case of Psychomotor Speed, the medi-
ation was only partial (8 = —0.187 vs —0.309).

Findings from this cross-sectional observational
study suggest that risk of cognitive impairment
among gay and bisexual men is more strongly related
to cardiovascular and metabolic disease profiles than
to HIV serostatus. These findings do not demon-
strate that HIV is no longer a risk factor for impaired

cognition. Rather, under the conditions in which we
evaluated the participants—ambulatory and without
overt CVD—the effects of HIV on cognition are
overshadowed by the effects of subclinical CVD and
related metabolic abnormalities. Findings that HIV
can infect arterial smooth muscle cells raise the
possibility that such infection may exacerbate any
vasculopathy found among HIV+ individuals.?t
Longitudinal studies are needed to determine the
independent and interactive contributions of HIV
infection and CVD on brain structure and devel-
opment of clinical cognitive disorder in infected
individuals.

These findings add to evidence that control of
viral replication and of immunologic competence
may protect against the cognitive impairment that
was so common before the introduction of HAART.
However, infected individuals remain vulnerable to
the consequences of a Western lifestyle and aging,
and these factors influence cognitive decline. As risk
factors for HAND continue to change® and we de-
velop a better understanding of the multiple factors
that can affect brain structure and function, being
able to place HAND in the context of normal age-
related processes becomes increasingly important.

AUTHOR CONTRIBUTIONS
Dr. Becker completed the statistical analysis with assistance from L.

Kingsley and J. Mullen.

ACKNOWLEDGMENT

The authors thank the participants and the staff of the MACS for the
additional time and effort that they contributed toward the successful
completion of this project. The authors are particularly grateful to Prof.
Paul Satz for his leadership in the development, implementation, and

analysis of the MACS neuropsychological study.

DISCLOSURE

Dr. Becker receives research support from the NTH [UO1-AI-35041 (Co-
investigator)]. Dr. Kingsley reccives research support from the NIH
[UO1-AI-35041 (Coinvestigator)]. Ms. Mullen reports no disclosures.
Dr. Cohen has served as consultant and/or received speaker honoraria
from Acorda Therapeutics, Astellas Pharma Inc., Bayer Schering Pharma
(Berlex), Biogen Idec, EMD Serono, Inc., Novartis, and Teva Pharmaceu-
tical Industries Ltd.; serves on speakers’ bureaus for Bayer Schering
Pharma (Berlex), EMD Serono, Inc., and Teva Pharmaceutical Industries
Ltd.; receives funding for an annual neurology resident education pro-
gram sponsored through his department and institution from Teva Phar-
maceutical Industries Ltd.; and has received research support from Biogen
Idec, BioMS Medical, EMD Serono, Inc., Novartis, Sanofi-aventis, and
the NTH [NINDS 1 U01n NS45719-01A (Clinical Investigator-Site PI),
NIAID 1U01A169471 (Clinical Investigator), NICHD NCIRE 725-
SW-001/RO1IHDO04 (Coinvestigator), HIH RO1 MH080636-01A2
(Coinvestigator), and NIAID 5 U01 A035039-15/Mod 40 (Coinvestiga-
tor)]. Dr. Martin receives research support from the National Institute on
Drug Abuse [RO1DA12828 (PI) and R03DA02497 (PD)]. Dr. Miller is
the author and distributor of the CalCAP reaction time program and has a
financial interest in this software (1986—present); and has received re-
search support from the NIH [NIAID AI-35040 (Coinvestigator)]. Dr.
Ragin receives research support from the NIH [MHO080636 (PI),
HL088437 (Coinvestigator), MH083553 (Consultant), and HL092386
(Consultant)]. Dr. Sacktor receives research support from the NIH
[NIAID AI-35042 (Coinvestigator), NIMH N01MH22005 (Coinvesti-

Neurology 73  October 20, 2009 1297

Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.



1298

gator), NIMH MH71150 (PI), NINDS U01-NS32228 (PI), NIMH
P30-MHO075673 (Core PI), NIMH MHO058076 (Coinvestigator), and
NIMH MHO083465 (PI)]. Dr. Selnes receives research support from the
NIH [NIMH RO1-MHO0711500 (Coinvestigator), NIMH P30-
MHO075673 (Coinvestigator), NIAID U01-A1035042 (Coinvestigator),
and NINCDS NS-35610 (Coinvestigator)]. Dr. Visscher serves on a sci-

entific advisory board for the National NeuroAIDS Tissue Consortium.

APPENDIX
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Earn Practice Management CME with AAN Audio
Conferences

The Academy is helping members take some of the confusion out of coding with a four-part series.

The 2009 Coding Audio Conferences will review proper coding in common circumstances, helping
participants to code with greater precision. Upon completion, physician participants will receive 1
CME credit per call, up to 4 CME credits total. Non-neurologists (e.g., practice managers) will
receive a certificate of completion redeemable for credits. Special pricing is available when you
register for more than one call and several people can listen in from one office—making these
sessions particularly cost effective as well as educational.

For details on savings and to register, visit www.aan.com/codingeme.

Save These Dates for AAN CME Opportunities!

Mark these upcoming dates on your calendar for these exciting continuing education
opportunities, where you can catch up on the latest neurology information.

AAN Regional Conference

® November 6-8, 2009, Las Vegas, Nevada, Planet Hollywood Resort and Casino

AAN Annual Meetings

® April 10-17, 2010, Toronto, Ontario, Canada, Metro Toronto Convention Centre

® April 9-16, 2011, Honolulu, Hawaii, Hawaii Convention Center
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